Objectives To compare the efficiency of electronic spatiotemporal image correlation (eSTIC) 
Methods
. However, acquisition of volumes of diagnostic quality remains difficult and, in the time realistically allotted for a standard mid-trimester examination, this is achieved in only about 70-75% of cases [4] [5] [6] . One of the most important limiting factors is the presence of fetal movements [3] [4] [5] [6] . With the standard mechanical 4D probes available thus far, acquisition of a STIC volume of good quality requires 7.5-15 s, and it is not often that a fetus will remain both in a favorable position and perfectly still for such a period of time 7 . An electronic 4D probe that allows acquisition of STIC volumes (electronic STIC; eSTIC) in a much shorter time was introduced recently. The aim of our study was to evaluate whether the use of this technology improves the success rate of 4D fetal cardiac sonography.
METHODS
A randomized controlled trial was conducted on 100 consecutive low-risk patients with singleton pregnancy, who attended for ultrasound examination in the second trimester of gestation and had a normal sonogram. The study protocol was approved by the institutional review board of the Gynepro Medical Centers, in which the examinations were performed, and informed consent was obtained from all patients. A Voluson E10 (GE Medical Systems, Zipf, Austria) ultrasound system was used for all examinations and patients were randomly assigned to one of two groups using a computer-generated table (Prism, GraphPad Software, San Diego, CA, USA). In the first group, conventional STIC volumes were obtained using a standard mechanical 4D probe, RMC 6C (STIC group), whereas in the second group, eSTIC volumes were obtained with an electronic 4D probe, eM6C (eSTIC group). STIC volumes were obtained as previously described, initiating the image capture sequence from the transverse four-chamber view, using the narrowest region of interest that contained the fetal chest, a rotation angle of 30-35
• and an acquisition time of 10-12.5 s 2, [8] [9] [10] . Similar settings were used to obtain eSTIC, using the option maximal quality. The acquisition time using such a combination was 2-3 s. As the aim of our study was to evaluate the feasibility of obtaining cardiac 4D volumes within the time frame of a standard mid-trimester scan, examinations were scheduled every 45 min, which included the time for also performing a transvaginal scan of the cervix and to compile the report. In each case, only two attempts at obtaining a cardiac volume were allowed. The examinations were performed by two operators.
The sonographic volumes were stored on a computer and subsequently analyzed using 4D view software (GE Medical Systems) and categorized by the operator that did not perform the scan as follows: (1) optimal, if it was possible to perform an extended basic cardiac examination, including a three vessels and trachea view, as indicated by the International Society of Ultrasound in Obstetrics & Gynecology 11, 12 (Figure 1) , as well as a clear reconstruction of both the aortic and the ductal arches in the sagittal plane ( Figure 2a,b) ; (2) satisfactory, if an extended basic cardiac examination, including a three vessels and trachea view, was possible in the transverse planes but the aortic and/or ductal arches were not clearly visible ( Figure 2c) ; and (3) inadequate if it was not possible to demonstrate all relevant transverse views. The better of the two volumes obtained for each patient was used for the analysis. The presumed cause of an inadequate volume (fetal movements, unfavorable fetal position or other cause) was noted. Categorical variables were compared using the chi-square test or Fisher's exact test (Prism).
RESULTS
The median (interquartile range) gestational age of the patients in the mechanical and electronic probe Table 1 . The 4D volumes were more frequently of optimal or satisfactory quality in the eSTIC group compared with the volumes of the conventional STIC group (94% vs 76%, P < 0.0001). The most common reason for inadequate quality of the STIC volumes was an unfavorable position of the fetus.
DISCUSSION

Principal finding of the study
Our results confirm that using an electronic 4D probe, cardiac volumes of optimal diagnostic quality are obtained more frequently than when using a standard mechanical probe. This is not surprising, as fetal movements are a major limiting factor of 4D echocardiography and acquisition of eSTIC volumes is faster than conventional STIC.
Clinical implications
In our hands, eSTIC datasets of adequate quality for a screening examination of cardiac anatomy were obtained in more than 90% of cases. In 80% of cases the volumes were optimal, allowing in practice a complete echocardiogram, if one excludes the use of color or pulsed Doppler sonography. The advantages of 4D over traditional two-dimensional sonography of the fetal heart have been outlined previously 2, 3, [5] [6] [7] [8] 13 . Once an adequate volume has been acquired, the relevant sections can be conveniently obtained offline without the interference of fetal movements. The dataset occupies only a limited storage space, in the range of 30-90 Mb, but allows post-processing of the images and replication of the examination, possibly extracting new information, without the need to rescan the patient. Furthermore, tools for 'intelligent' navigation are now available that generate automatically cardiac views, speeding up the examination and decreasing operator dependency 5, [13] [14] [15] . The major shortcoming of 4D sonography of the fetal heart is the relatively high rate of failure in acquiring volumes of good quality, which in many different studies was around 25%, when the examination was kept within the standard time frame of a mid-trimester exam [4] [5] [6] . Our study suggests that, using an electronic probe, volumes of diagnostic quality can be obtained realistically in nearly all patients, and that indeed 4D echocardiography may become the primary approach to the sonographic examination of the fetal heart.
Strength and limitations
The main strength of our study is that, for the first time, the performance of an electronic 4D probe was compared with a standard mechanical probe, demonstrating a significant improvement in the acquisition of fetal cardiac volumes. We do acknowledge, however, two main limitations. First, obtaining cardiac volumes is operator-dependent 4, 6 and in our study the examinations were performed by experienced sonologists. The most important factors that limit the acquisition process are fetal movements and an unfavorable position of the fetus. The electronic 4D probe minimizes the influence of the former, but has no effect on the latter. As there is little doubt that skilled sonologists will overcome the obstacle represented by an unfavorable position of the fetus more frequently than less experienced ones, in different hands the results may be at variance with our own. Second, the results of our study suggest that eSTIC could be conveniently used in standard examinations of fetal anatomy. In our own, as well as in others', experience, 4D echocardiography is effective in the diagnosis of cardiac anomalies in selected pregnancies at increased risk 16 , but we are not aware of any study in which this technique has been used as a screening tool in the general obstetric population. It seems reasonable to assume that the ability to confirm normal anatomy is a good proxy for the ability to recognize abnormality in high-as well as in low-risk fetuses, but a properly conducted prospective survey has not been performed yet.
Conclusion
The electronic 4D probe facilitates acquisition of 4D cardiac volumes in mid-trimester fetuses compared with a standard mechanical probe. In our hands, eSTIC volumes of optimal or satisfactory diagnostic quality, allowing a detailed offline evaluation of the fetal heart, were obtained in more than 90% of cases within the time frame of a standard examination of fetal anatomy.
DISCLOSURE
The ultrasound equipment was provided on loan by GE Medical Systems, Zipf, Austria for the duration of the study.
